In this research paper, we considered the pattern of formation of copper powders during the polarization of electrodes by transient currents. When a copper-titanium pair of electrodes is polarized with an industrial alternating current of 50 Hz in a solution of copper (II) sulfate, it is shown that copper powders with a high current yield are formed on the surface of the titanium electrode. Under optimum conditions, the current yield is 80%. The size of the formed copper powders is 0.5-2 µm. The analysis of the obtained oscillograms showed that when titanium is used in the circuit, the asymmetrical sinusoidal current flows.
INTRODUCTION
There are several methods for obtaining copper powders. The main one is the mechanical physico-chemical method. Usually, metal powders of large and different forms are obtained by mechanical means. This includes cutting, drilling, grinding, and other methods. Electrochemical cementation, thermal spraying of dry salts, and autoclave methods can be attributed to the physico-chemical methods. However, among these methods, the electrochemical method holds a special place, and today over 90% of copper powders are obtained by this method. Until today, the most dispersed copper powders (30-80 µm) are obtained by this method [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] .
Copper powders obtained by electrochemical methods are used in metallurgy, chemistry, electrical engineering, and other fields. In electrical engineering, they are widely used in the manufacture of coppergraphite contacts, in chemical production as a catalyst, and in hydrometallurgy as a cementing agent.
It has been established that ultra-disperse copper powders in the oil composition reduces the mechanical friction, and wear of iron parts. This phenomenon is widely used in developed countries 11 .
The specificity of the reaction in the electrodes is investigated in detail when obtaining copper powders. Copper powder is formed at the cathodes. The study of the reduction of copper (II) ions forming copper powders at the cathode and the effect on this process of other electrochemical parameters of the composition of electrolyte presented is in our earlier research works [12] [13] [14] .
Our research works have shown that when copper powders are produced by compound of a sulfuric acid of copper (II) solution with tetravalent titanium ions, the dispersion of metal powders obtained at the cathode increases, and also significantly increases the current consumption.
In all known works, copper powders are obtained using the direct current. In such a case, it is necessary to use expensive current settings.
Our preliminary studies have shown that in a certain case, metallic powders can be obtained through polarization of the electrodes in an alternating current with a frequency of 50 Hz of sulfuric acid in a copper (II) solution. Therefore, in the submitted research papers, we examined the pattern of formation of copper powders when the electrode is polarized with transient current.
Work procedure
The electrolysis was carried out in a 100 mL glass beaker. Copper in the form of a plate and titanium in the form of a wire were used as electrodes. The purity of copper was 99.99%, and the elemental purity of titanium was 97.6%. Preliminary studies have shown that the formation of copper powder depends on the current density at the titanium electrode and on the concentration of copper(II) ions in the solution. In this works, the effect on current density on titanium electrodes was in the range of 0-125 kA m -2 , and the impact of copper(II) ions was in the range of 0-30 g L -1
. The electrolysis time was 30 minutes. Copper powders formed after the electrolysis, were washed with distilled water, and to prevent oxidation, they were rinsed with 0.05% sodium soapy water. The current consumption of the formed copper powders was calculated for the cathodic half-period of alternating current. The current was measured using an amperometer assigned for alternating current. The laboratory transformer was used to adjust the strength of the alternating current. A schematic diagram of the electrolysis device is shown in Fig. 1 . During the study, an oscillogram of transient currents passing through the electrochemical circuit is recorded. ) on the size of copper powders formed is determined. As it can be seen from Fig. 2 , an increase in the current density at the titanium reaching 75 kA m -2 as the current consumption (CC) of copper powders formed at this electrode increases. A further increase in the current density leads to a decrease in the CC of copper powder formation reaching 53.5% at 125 kA m , τ = 30 minutes
The formation of copper powders during placing the copper-titanium pair of electrodes into a solution of sulfuric acid with copper(II) ions can be explained with follows.
With an increase in current density in titanium electrodes, a metal oxide is formed with a semiconducting "valve property" on the surface of titanium electrodes at the initial moment of the anode half-period of alternating current, and the current flow slows down in this direction, and in the cathode half-period of a transient current of the titanium electrode the electric current passes through this electrode unimpeded. At that moment, the current becomes higher than the current density, which is limited within the electrode, and the copper (II) ions forming the copper powders are oxidized, and the crystals of the copper powders formed in the anodic half-period can be melted in a certain amount. As a result, round-shaped copper powders are formed. The reduction in the current consumption of the formation of copper powders at a high current density can be explained by the additional reaction that occurs at this moment -the exhale of hydrogen gas.
The effect of concentration of copper(II) ions in the range of 0-30 g L -1 was studied (Fig. 3) . The results of the study show that an increase in the concentration of copper (II) ions leads to an increase in the current consumption for the formation of copper powders. It is established that when the concentration of copper(II) ions is 30 g L -1 , the current consumption is 80%.
When the concentration of sulfuric acid is zero, due to a sharp increase in pH at the cathode surface in the initial moments of electrolysis, copper hydroxide is formed and in the range of 50-100 g L -1 the concentration does not affect properly the electrolysis process, and at a still ongoing higher concentration current consumption, the formation of copper powders is reduced. This phenomenon can be explained by the dissolution of the formed metal powders due to an increase in the acidity of the solution. Figure 4 shows an oscillogram during the polarization of copper-titanium pair of electrodes with industrial alternating current. During the polarization of two graphite electrodes with 50 Hz transient current (Fig. 4(a) ) we can see the passage of the correct sinusoidal current through the electrochemical circuit. When using a copper-titanium pair of electrodes, there is an amount of current at the anode half-period of alternating current (Fig. 4(b) ). When copper(II) ions are added to the solution in the oscillogram, minor changes occur (Figure 4(c) ). The shapes and sizes of copper powders obtained at different current densities at the titanium electrodes are photographed with an electron microscope and evaluated (Fig. 5) . In all cases, the formation of roundish copper powders with a size of about 0.5-2.0 µm has been established. ) the current consumption is 80%. It has been established that during polarization with an alternating current, round-shaped copper powders with a size of about 0.5-2 µm are formed. The results of the study showed that it is possible to obtain ultra-disperse copper powder by electrochemical means, without using industrial current in special devices.
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